Material and Methods.-Shikimic acid-5-phosphate was isolated from the culture medium of Aerobacter aerogenes strain A 170-40 as the barium salt7 and converted to the potassium salt for the enzymatic experiments. Yeast concentrate and liver concentrate were obtained from Sigma Chemical Co., St. Louis.
Preparation of enzyme extract: 50 g of baker's yeast were disrupted by freezing and thawing three times with the aid of liquid nitrogen. The viscous material was stirred with 50 ml of M/10 potassium phosphate buffer (pH 7.4) for 4 hours at 20, centrifuged at 15,000 g for 20 minutes and the cell-free extract was extensively dialyzed against M/30 potassium phosphate buffer (pH 7.4; 6 changes, 3 liters each time). The dialyzed extract was used in the experiments described below.
Enzymatic system and assay of p-aminobenzoic acid: The incubation mixtures contained 0.4 ml of extract (4.8 mg of protein), 2 emoles of MgC12, 1 mg of yeast concentrate, 50 Mmoles of Tris buffer (pH 7.4), shikimic-5-P or glutamine, plus additions in a total volume of 1 ml. After incubation at 300, samples were removed at 4, 8, and 24 hours, brought to pH 1.0 with 6 N HC1, and used for the microbiological determination of PABA with a double auxotroph of E. coli (107-14) requir-ing histidine and PABA.8 The assay medium (final volume 10 ml) was prepared by supplementing mineral medium A9 with 75,g of L-histidine per ml.
Conversion of uniformly labeled C'4-shikimic-5-P to p-aminobenzoic acid:'0 312 tmoles of CL4-shikimic-5-P, 1560 gmoles of L-glutamine, 625 mg of yeast concentrate, 3125 Mmoles of tris buffer (pH 7.4), 1250 /Amoles of MgC12 and 250 ml enzyme extract in a total volume of 650 ml, were incubated for 24 hours at 300. After incubation, the mixture was placed in a boiling water bath for 10 min, cooled, and the pH adjusted to 3.0 with 4 ml of 6 N H2S04. The precipitated protein was removed by centrifugation, and aliquots of the supernatant solution were analyzed for PABA at three levels in duplicate. To 625 ml of this supernatant solution, which contained 2.29 mg of PABA, 100 mg of unlabeled PABA were added. The PABA was then isolated by continuous ether extraction and was recrystallized from H20 to constant radioactivity and melting point.
Results and Discussion.-Amino and carbon donors: Of the various amino donors tried with shikimic-5-P, glutamine was the most effective (Table 1) . Aspartic acid, asparagine, and glutamic acid were poorly utilized. Ammonium chloride was unable to replace glutamine as the amino donor at either pH 7.4 or 8.2. With glutamine as the amino donor, various carbon sources were studied for their capacity to substitute for shikimic-5-P (Table 2 ). Shikimic acid alone was poorly These results demonstrate that shikimic-5-P is the carbon donor in the formation of PABA. The increased synthesis obtained by the addition of ATP to shikimic acid indicates the presence of a kinase in these extracts for the phosphorylation of shikimic acid to shikimic-5-P. Glutamine alone added to the extracts without shikimic-5-P resulted in a significant synthesis, indicating the presence of possible precursors in the yeast extract itself. The extracts were therefore assayed for shikimic acid and shikimic-5-P.12 A typical extract, with a synthesis of 0.9 yg of PABA from glutamine alone, was found to contain 11 tig of shikimic acid and 22.5 jig of shikimic-5-P per ml. The presence of these amounts of substrate could satisfactorily explain the formation of PABA from glutamine in the absence of any extraneous addition of shikimic-5-P. It was further observed that extracts with low blank values could not be stored in the deep freeze even for a few days without losing considerable activity suggesting that the enzyme or enzymes responsible for the conversion of shikimic-5-P and Lglutamine to PABA are protected by their own substrate. The apparent presence of such large amounts of substrate even after extensive dialysis is of interest. It simulates the well-known tight binding of coenzymes in other enzyme systems.
Since the amount of PABA formed was small, it was felt desirable to establish, unequivocally, the nature of the end product. With this view in mind, uniformly labeled C14-shikimic-5-P and L-glutamlne were incubated with enzyme extracts, under conditions described earlier in detail. The molar specific activity of the isolated p-aminobenzoic acid compared favorably with the molar specific activity of shikimic-5-P, suggesting a 1:1 conversion (Table 3) . This experiment lends further evidence to the identity of the enzymatic product as PABA. Nature of co-factors: The dialyzed yeast extracts were completely inactive unless they were fortified with yeast concentrate or liver concentrate (Table 4 ). The Thus, the exact nature of the co-factors involved is obscure, and studies are in progress toward its elucidation. Since anthranilic acid and p-aminobenzoic acid are both derived from shikimic-5-P and L-glutamine, it would be of interest to determine whether a common intermediate may not be involved in the biosynthesis of these two compounds.
Summary.-With cell-free extracts of baker's yeast, it has been demonstrated that p-aminobenzoic acid is formed from shikimic acid-S-phosphate and L-glutamine. The co-factor requirements of the system are also briefly discussed.
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